Ascaris lumbricoides, the large human roundworm, infects ,1,200 million people, with children under the age of 15 being particularly at risk. Monte Carlo quantitative microbial risk analyses were undertaken to estimate median Ascaris infection risks in children under 15 from eating raw carrots irrigated with wastewater. For a tolerable additional disease burden of 10 25 DALY (disability-adjusted life year) loss per person per year (pppy), the tolerable Ascaris infection risk is ,10 23 pppy, which can be achieved in hyperendemic areas by a 4-log unit Ascaris reduction.
INTRODUCTION The global burden of ascariasis
In 2003 Ascaris lumbricoides, the large human roundworm, infected ,1,200 million people or nearly 20% of the world's population; the main parts of the world affected were, and still are, sub-Saharan Africa, India, China and East Asia (Hotez et al. 2006) . Children are especially at risk: maximum Ascaris prevalence usually occurs before 5 years of age and the highest intensities of ascariasis (as measured by the number of eggs per g faeces) are in children aged 5 -14.
Ascariasis is associated with the malabsorption of food in general and vitamin A in particular, and so often leads to protein-energy malnutrition and growth-faltering. In a 10-year study of 119 slum children in northeast Brazil, children who had had a high burden of diarrhoeal disease in their first 2 years of life were on average 3.6 cm shorter at age 7 than other children, and those children who had also had an early childhood helminthiasis (commonly ascariasis) were on average a further 4.6 cm shorter at the same age (Moore et al. 2001) . Early childhood helminthiases and diarrhoeal disease, in conjunction with malnutrition, result in a loss of cognition in later childhood; the areas most affected are verbal fluency, short-term memory and speed of information processing-precisely the areas most needed for people to contribute to economic development (UNICEF 1998; Berkman et al. 2002) . Furthermore, children with more than one helminthic infection experience worse cognitive outcomes than those with only one ( Jardim-Botelho et al. 2008) . There is also evidence that productivity in adulthood is adversely affected by helminthiases in childhood (Guyatt 2000) . The annual risk of infection is given by:
Recommendations in the WHO guidelines for human intestinal nematode eggs
where P I Table 1 . This shows that 1 egg per litre results in an Ascaris infection risk of , 6 £ 10 23 pppy and 0.1 egg per litre in a risk of , 6 £ 10 24 pppy; these risks are higher and lower, respectively, than the tolerable Ascaris infection risk of , 10 23 pppy determined above. This could be taken to confirm the finding of Blumenthal et al. (1996) that # 1 egg per litre is not protective of children under 15, and thus reinforce the recommendation of Blumenthal et al. (2000) that, when children under 15 are exposed, the guideline value should be # 0.1 egg per litre. However, as noted in the 2006 WHO guidelines, post-treatment health-protection control measures can achieve significant pathogen reductions, so that wastewater treatment does not have to achieve the total pathogen reduction required to protect consumer health.
Implications for wastewater treatment
If it is assumed that, in areas where ascariasis is hyperendemic, untreated wastewater has an Ascaris egg concentration of 1,000 per litre, a 4-log unit egg reduction is 
